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Outline	
  
	
  •  Approach,	
  Using	
  a	
  Simplified	
  “Synthe&c”	
  Signal	
  

•  Results,	
  using	
  DCLDE	
  2015	
  Training	
  Data	
  Set	
  
•  Automa&c	
  Detec&on	
  of	
  Blue	
  Whale	
  B	
  Calls	
  
•  Temporal	
  Analysis	
  of	
  Detec&ons	
  

•  Results,	
  using	
  Another	
  Data	
  Set	
  	
  
•  Automa&c	
  Detec&on	
  of	
  Blue	
  Whale	
  B	
  Calls	
  
•  Compare	
  to	
  Manual	
  Detec&on	
  
•  Temporal	
  Analysis	
  of	
  Detec&ons	
  

•  Poten&al	
  Benefits	
  of	
  this	
  Approach	
  



Approach:	
  Bioacous&c	
  Signals	
  with	
  Harmonics	
  
	
  

See	
  the	
  harmonic	
  structure	
  of	
  vowels	
  



Approach:	
  Bioacous&c	
  Signals	
  with	
  Harmonics	
  

Automa&cally	
  detected	
  B-­‐Call,	
  
highlighted	
  around	
  35:20	
  	
  



Approach:	
  Spectrogram	
  of	
  Synthe&c	
  Signal	
  

Time	
  

Band	
  1	
  

Band	
  3	
  

Freq	
  

Are	
  the	
  harmonics	
  correlated?	
  	
  If	
  
so,	
  could	
  this	
  correla&on	
  make	
  it	
  
easier	
  to	
  detect	
  the	
  signal?	
  



Approach:	
  Bandpass-­‐Filtered	
  Synthe&c	
  Signal	
  



Approach:	
  Spectrogram	
  of	
  Synthe&c	
  Signal	
  

Time	
  

Band	
  1	
  

Band	
  3	
  

Freq	
  



Approach:	
  Model	
  of	
  Formants	
  in	
  a	
  Vowel	
  

baseband	
  

Time	
  

Freq	
  

Imagine	
  that	
  each	
  frequency-­‐
modulated	
  component	
  (aka	
  
“formant”)	
  starts	
  out	
  in	
  a	
  
common	
  baseband.	
  



Approach:	
  Model	
  of	
  Formants	
  in	
  a	
  Vowel	
  

baseband	
  

AM	
  mod	
  	
  
to	
  band	
  1	
  

AM	
  mod	
  	
  
to	
  band	
  3	
  

Time	
  

Freq	
  



Approach:	
  Spectrogram	
  of	
  Synthe&c	
  Signal	
  

Time	
  

Band	
  1	
  

Band	
  3	
  

Freq	
  



Approach:	
  AM	
  Demod	
  to	
  Get	
  Baseband	
  Components	
  

baseband	
  

AM	
  demod	
  	
  
to	
  baseband	
  

AM	
  demod	
  	
  
to	
  baseband	
  

Time	
  

Freq	
  

Now,	
  we	
  can	
  look	
  for	
  correla&on	
  
between	
  the	
  demodulated	
  
components	
  



Approach:	
  BP-­‐Filter	
  and	
  AM	
  Demod	
  

A_er	
  bandpass	
  filtering	
  and	
  AM	
  demodula&on,	
  the	
  demodulated	
  
components	
  are	
  well	
  correlated.	
  	
  (Here,	
  I’m	
  zooming	
  in	
  on	
  a	
  subset	
  in	
  
&me.)	
  



Approach:	
  Summary	
  of	
  Steps	
  

•  Define	
  N	
  bands	
  
•  Bandpass	
  filter	
  each	
  band	
  
•  AM	
  demodulate	
  each	
  component	
  to	
  the	
  baseband.	
  
•  For	
  each	
  50%-­‐overlapping	
  10-­‐second	
  window	
  in	
  &me:	
  

•  Determine	
  the	
  covariance	
  between	
  demodulated	
  
component	
  M	
  and	
  demodulated	
  component	
  N.	
  

•  Look	
  for	
  paberns	
  e.g.	
  
•  If	
  the	
  covariance	
  between	
  components	
  3	
  and	
  1	
  (or	
  
3	
  and	
  2)	
  ranks	
  high	
  and	
  is	
  above	
  a	
  threshold,	
  	
  this	
  
window	
  contains	
  the	
  signal.	
  

•  Fuse	
  together	
  adjacent	
  signal	
  windows	
  to	
  form	
  the	
  
“detec&on	
  events”.	
  	
  

•  Import	
  detec&on	
  events	
  into	
  Raven	
  “selec&ons”	
  for	
  display	
  	
  



Results:	
  Fused	
  Detec&on	
  Events	
  (B	
  Calls)	
  	
  	
  

The	
  fused	
  detec&on	
  events	
  were	
  imported	
  into	
  Raven	
  for	
  display.	
  	
  	
  



Results:	
  More	
  Fused	
  Detec&on	
  Events	
  (B	
  Calls)	
  	
  



Results:	
  Time-­‐of-­‐Day	
  for	
  Detected	
  B	
  Calls	
  (DCLDE)	
  



Results:	
  Δt	
  Between	
  Detected	
  B	
  Calls	
  (DCLDE)	
  

For	
  the	
  DCLDE	
  dataset,	
  the	
  peak	
  of	
  the	
  distribu&on	
  is	
  around	
  56	
  seconds	
  
between	
  B	
  Calls.	
  	
  	
  



Results:	
  Fused	
  Detec&on	
  Events	
  (Chile)	
  

(wav	
  files	
  from	
  Melimoyu	
  Ecosystem	
  Research	
  Ins&tute)	
  



Results:	
  Fused	
  Detec&on	
  Events	
  (Chile)	
  

(wav	
  files	
  from	
  Melimoyu	
  Ecosystem	
  Research	
  Ins&tute)	
  



Results:	
  Time-­‐of-­‐Day	
  for	
  Detected	
  B	
  Calls	
  (Chile)	
  

False	
  Alarm	
  Rate	
  =	
  12%	
  
Miss	
  Rate	
  =	
  19%	
  
	
  
(wav	
  files	
  from	
  Melimoyu	
  Ecosystem	
  Research	
  Ins&tute)	
  



Results:	
  Δt	
  Between	
  Detected	
  B	
  Calls	
  (Chile)	
  

For	
  the	
  dataset	
  from	
  Chile,	
  the	
  peak	
  of	
  the	
  distribu&on	
  is	
  around	
  138	
  seconds	
  
between	
  detected	
  B	
  Calls.	
  (wav	
  files	
  from	
  Melimoyu	
  Ecosystem	
  Research	
  Ins&tute)	
  



Compare	
  to	
  Other	
  Approaches	
  

•  Image	
  Processing	
  of	
  Spectrogram	
  discards	
  phase	
  informa&on,	
  
which	
  may	
  be	
  useful	
  for	
  detec&on.	
  	
  
Ø  	
  This	
  new	
  approach	
  does	
  not	
  discard	
  phase	
  informa&on.	
  

•  Performance	
  of	
  a	
  Matched	
  Filter	
  can	
  be	
  degraded	
  by	
  mul&-­‐path.	
  
Ø  This	
  new	
  approach	
  just	
  looks	
  at	
  the	
  covariance	
  between	
  

harmonically-­‐related	
  components	
  (a_er	
  AM	
  demodula&on).	
  	
  
If	
  the	
  correla&on	
  exists	
  along	
  one	
  path,	
  it	
  	
  may	
  also	
  be	
  there	
  
along	
  another	
  path.	
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Results:	
  Covariance	
  Per	
  Window	
  	
  

Time	
  (Seconds)	
  

Covariance	
  between	
  demodulated	
  component	
  3	
  and	
  demodulated	
  component	
  
1	
  is	
  in	
  red.	
  	
  Circles	
  indicate	
  6-­‐second	
  windows	
  in	
  which	
  the	
  signal	
  was	
  detected.	
  



Results:	
  Compare	
  to	
  Distribu&on	
  of	
  D	
  Calls	
  (Time	
  of	
  Day)	
  



Results:	
  Compare	
  to	
  Distribu&on	
  of	
  Δt	
  Between	
  D	
  Calls	
  

Peak	
  of	
  distribu&on	
  is	
  around	
  25	
  seconds	
  between	
  D	
  Calls	
  


